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Interpreting quantum mechanics(QM) by classical physics seems like an old topic; And unified
theory is in physics frontier; But because the principles of quantum physics and relativity are so
different, any theories of trying to unify 4 nature forces should not be considered as completed
without truly unifying the basic principles between QM and relativity. This paper will interpret
quantum physics by using two extra dimensional time as quantum hidden variables. I’ll show
that three dimensional time is a bridge to connect basics quantum physics, relativity and string
theory. “Quantum potential” in Bohm’s quantum hidden variable theory is derived from Einstein
Lagrangian in 6-dimensional time-space geometry. Statistical effect in the measurement of single
particle, non-local properties, de Broglie wave can be naturally derived from the natural properties of
three dimensional time. Berry phase, double-slit interference of single particle, uncertainty relation,
wave-packet collapse are discussed. The spin and g factor are derived from geometry of extra two
time dimensions. Electron can be expressed as time monopole. In the last part of this paper, I’ll
discuss the relation between three dimensional time and unified theory.
PACS numbers: 03.65.-w, 04.50.+h, 04.62.+v, 11.10.-z, 11.27.+d
I. INTRODUCTION
Interpreting quantum physics by the language of clas-
sical physics seems like an old topic. Starting from Ein-
stein and de Broglie’s efforts, to Bohm’s quantum hidden
variable theory [1], although none of those efforts suc-
ceeded, they brought us some foundmental knowledges
about quantum physics. Einstein’s work leaded Bell’s in-
equality, which shows that non-localization property of
single particle is rooted in the foundation of quantum
physics, which is contradictory to relativity. de Broglie
pointed out that quantum wave is not only a statisti-
cal effect, but also guides the paths of particle. Bohm’s
quantum hidden variable theory proposed the idea that
quantum effects are created by quantum hidden variables
and related quantum potentials. There are some other
works which are not originally related to interpretation
of quantum physics, but they brought some new ideas in
this topic. Feynman’s quantum path integrals introduces
the concept of “path” in quantum physics. Although
the “paths” in path integrals should be interpreted as
“virtual” paths, it provides an alternative look of quan-
tum physics. In recent years, string theory brings some
new methods and ideas in quantum physics. String the-
ory seems have nothing to do with interpreting of quan-
tum physics, but the basic string model: two dimensional
world sheet shows a very interesting properties: if a par-
ticle’s trajectory is determined by two parameters (τ , σ)
instead of one (τ – proper time), the trajectory of the par-
ticle is satisfied wave equation. Unfortunately, the extra
trajectory created by σ is space like, so it is interpreted
as “string”. In section II, I will show that if one uses dif-
ferent interpretation of two dimensional world sheet, we
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can get some crucial properties of quantum physics. It is
worh mentioning that I.Bars [6] pointed that, it should
exist two time like dimensions in string theory based on
the SO(d,2) symmetry. Kaluza-Klein(KK) [2] [3] the-
ory inspired another part of idea of interpreting quantum
physics: 1) wave equations can be derived from Einstein
equaitons of 5 dimensional space time; 2) extra dimension
satisfies periodic condition. In section IV, I’ll show that
Bohm’s quantum potential can be derived from Einstein
Lagurangian of 6-dimensional time-space.
Both KK theory and string theory keep an assump-
tion that: the extra dimension does not create any
direct physical observation. This limitation actually
brings many negative effects on the theories. In this pa-
per, you’ll see that: three-dimensional-time works like
a thread to linke all above clues together to a different
whole picture. This paper is not only about the “old
topic”– interpretation of quantum physics, but also re-
lated to the puzzles in KK theory and string theory,
which are frontier of physics. Indeed, none of unified
theory is successfully unified gravity with other 3 forces.
The reason I believe is because of the principles of gravity
are different from other 3 forces. Most current unifying
theories are trying quantization of gravity field, so that
gravity can be interpreted as exchanging gravitons, just
like other 3 forces; But in general relativity, gravity is in-
terpreted as curved space time. The principles of gravity
are equivlance principle and which is curved geometry
of space time, the principles of gravity are determinis-
tic and localized. But the principles of other 3 forces
are the principles of quantum physics, which are non-
deterministic and non-localized. In the theory of unifying
other 3 forces, no matter where the theory starts, it has
to go through quantization steps, which artifically jump
to quantum physics. Therefore, it is reasonable to believe
that if one can find a way to interpret quantum physics
by the language of relativity, it could help to unify grav-
2ity with other 3 forces. At this point, interpreation of
quantum physics is not an old topic at all.
Mutilple dimensional time is not a new idea. When KK
theory introduced extra dimension into 4-dimensional
space time [2] it is naturally to think that if the extra di-
mension is possible the time dimension. But people given
up the idea because: Firstly, there would be tachyons
observed in four dimensions. Secondly, there would be
closed timelike loops leading to world lines which violate
causality. Thirdly, the sign of the Maxwell action would
be incorrect. I’ll discuss these three puzzles one by one in
this paper. Some researches pointed out that mutiple di-
mensional time must cause causality violation, but they
didn’t consider the details about what does the physics
looks like under multiple dimensional time; More impor-
tant, we only use 1 dimesional time “ruler” – clock, to
measure time. If the real world has multiple dimensional
time, then the picture of the world which we measure by
1 dimensional clock is “distored” picture of real multiple-
dimensional-time world.
There are three basic principles which quantum physics
distingish itself from classical physics:
1) Non-localization. A particle is also a wave, it sat-
isfies de Broglie relation. Double-slit interference, Bose-
Einstein condensation and experiments about Bell’s in-
equality show three levels of non-localization. Double-
slits interference experiment shows that: if we use “path”
to describe the movement of particle in three dimensional
space, we must admit that a single particle goes through
two slits at the same time. Bose-Einstein condensation
shows that: at the point of condensation, a single parti-
cle(wave) must be everywhere in the lattice at any given
time. Bell’s inequality and EPR contradiction shows that
the correlation between two particles is non-localized.
Furthermore, the phase speed of de Brogile wave of mas-
sive particle is v = λν = c/u, where λ is wave-length, ν
is frequency and u is classical speed of particle, c is speed
of light. So v must larger than speed of light. Although
this does not cause any problem in physics since v does
not carry energy, and only u carries enery of particle,
u < c; but to interpret quantum physics, we need see
this picture more clearly: why v > c.
2) Non-determinism. Uncertainty relation and statis-
tical results of measurement show that quantum physics
is non-deterministic. Non-determinism is accepted as
a principle in quantum physics, so that we do not dig
deeper to see if there is an actual determinism inside
quantum physics which cause the non-detrminism. This
principle is so different from relativity which is determin-
istic, it makes Einstein said: “God does not play dice”.
3) Spin and its related statistics. Spin is an extra free-
dom of quantum particle. For each single particle, spin
has only two values. For electron, the g factor of spin
is 2 which is also different from any classical magnetic
moment. Any theory which trying to interpret quan-
tum physics must give a reasonable picture of spin and
g factor. Spin related statistics: Bose-Einstein statis-
tics and Fermi-Dirac statistics is also distinct quantum
physics from classical physics. These two statistical prin-
ciples and uncertainty relation make any unification the-
ory have to go through quantization step for boson and
fermion.
In this paper, I’m trying to use two extra time dimen-
sions and their related geometry to unify above quantum
principles and principles of relativity. Section II will dis-
cuss why the extra time dimension is requried; the equa-
tions of motion of single particle in three-dimensional
time is given. The statistical effect of measurement in
three-dimensional time is derived. I’ll also show that
causality is not voilated in three dimensional time. Sec-
tion III will derivate spin and g factor of electron from the
natural of geometry of extra two time dimension. Sec-
tion IV derives Bohm’s quantum potential from Einstein
Lagrangian. Section V derives equations of free particles
from 6 dimensional Einstein field equation. Section VI
will discuss Berry phase and strong equivalence principle.
Section VII will generally discuss three dimensional time
and unified theory.
II. THREE DIMENSIONAL TIME AND
EQUATIONS OF MOTION
A. Why need extra time dimension
Considering the well known double-slits interference
experiment of electron: suppose both slits have the same
distince to the source of electron, and we make the source
of electrons weak enough so that only one electron emit-
ted at a time. Then we can see that: i) Each electron only
create one point on screen. ii) After a while, we can see
interference pattern on the screen. Statement i) shows
that every single electron is a point particle. Statement
ii) shows that: each single electron must pass both slits
(otherwise, we can not see interference pattern). From
source to slits, electron moves with constant velocity (no
external force), and both slits have the same distance
to source, so from above analysis, a single electron must
pass both slits at the same time. Here is the problem:
how can one particle shows at two different locations at
the same time?
Bose-Einstein condensation is a large scale phe-
nomenon. Quantum physics tells us that to create
Bose-Einstein condensation, every wave-function of sin-
gle bosons must be all over the lattice, i.e. each single
boson must shows every locations at the same time. From
all above, to interpret quantum physics by the principle
of relativity, we must find a deep reason why a single par-
ticle can show at different locations at the same time and
observer can only see one particle at a time/ To solve this
problem, We need assume that there is a hidden move-
ment from location L1 to location L2 without spending
time t. But in relativity, the motion described by time,
each motion must spend time, so if there is a hidden mo-
tion not spending our measured time, there must be a
hidden time associate with this motion.
3Now let’s consider what happen if there is a extra di-
mensional time in our world. But we always use one
dimensional “ruler” – clock to measure time, we only
have one dimensional knowledge of time, then the phys-
ical picture we described by one dimensional time is a
“distored” picture of real two dimensional time world.
To better understand that, let’s imagine that a blind
man lives in two dimensional space, but he only have
knowledge of one dimensional space, he always use ruler
as coordinate to describe the world he’s living. Now he
know that the distince from his friend’s house to his lo-
cation is R, so if he walk R distance, he should arrive
his friend’s house, to him, this is deterministic. But be-
cause he lives in two dimensional world, and he doesn’t
know he should choose an right angle to walk, so finally
he found out that sometime, after he walk distince R, he
arrives his friend’s house, but most of time, he missed
his friend’s house, to him, he confused that why the re-
sult is non-deterministic? Now back to quantum physics,
in quantum world, we are blind, we are totally depen-
dend on the observation tool we choose. Currently we
choose clock to measure time t. Suppose there are two
dimensional time (t,θ) in quantum world, electron ar-
rives slit 1 at time (t,θ1), arrives slit 2 at time (t,θ2), in
one dimensional time t, it is non-localized since at t the
electron stays at two locations, but in two dimensional
time, it is localized since electron stays at two locations
with different second dimensional time value θ. Suppose
the wave function of electron e is not zero at (x,t), and
the wave function of apparatus’s particle p is not zero
at (x,t), in classical physics of one dimensional time, e
and p will meet each other, the event is deterministic.
But in two dimensional time, the coordinate of e at x is
(x, t, θe), the coordinate of p at x is (x, t, θp), because
we do not control θp, then it is possible that θe 6= θp,
e does not meet p at x, i.e. the event of e meet p is
non-deterministic. From above discussion, we see that,
under one dimensional time, the non-localized and non-
deterministic physical phenomenon because localized and
deterministic phenomenon under two dimensional time.
In addition, spin is a new freedom in quantum physics.
The value of spin does not depend on any of 4 space-time
dimensions, introducing extra dimensional time could
help to interpret spin.
B. Equations of motion in three dimensional time
If there is a extra hidden time dimension, the trajec-
tory of particle must be determined by two parameters
(τ ,σ), where τ is proper time in relativity, σ is second
proper time associate with extra time dimension:
xµ = xµ(τ, σ) (1)
where µ is 0,1,..3. Since we never see extra time dimen-
sion in common life, σ must be compact, assume it is a
small loop which satisfies periodic condition and radius
has scale of Planck length :
xµ(τ, σ) = xµ(τ, σ + 2π) (2)
Choose Lagrangian
L = −1
2
m[(x˙ · x′)2 − (x˙ · x˙)(x′ · x′)]1/2 (3)
Where x˙ = dxdτ ; x
′ = dxdσ . The Lagrangian above is the
same as the Lagrangian in string theory [5]. The classical
equation of motion is
∂
∂τ
(
δL
δx˙µ
+
∂
∂σ
(
δL
δx˙′µ
)) = 0 (4)
Reparameter and re-scale σ and τ , so they satisfied the
constraints [5]:
x˙ · x′ = 0 , x˙ · x+ x′ · x′ = 0 (5)
The equation of motion (4) becomes wave equation:
x¨µ = x
′′
µ (6)
The above result is the same as the world sheet of bosonic
string theory [5]. The general solution of (II B) and (2)
is:
xµ = qµ + pµτ +
∑
n6=0
αne
−in(τ+σ) +
∑
n6=0
βne
−in(τ−σ) (7)
where µ is 0..3. From above equation, we see that xµ is
complex number for any τ and σ, but since xµ is coordi-
nate of space and time, it should be real number. Now
let’s introduce one more time dimension, let φ be third
proper time associate with third time dimension:
xµ = xµ(τ, σ, φ) (8)
and φ must be compact with periodic condition:
xµ(τ, σ, φ) = xµ(τ, σ, φ + 2π) (9)
Put Lagrangian
L = −1
2
m[(x˙·x′)2+(x˙·x∗)2−(x˙·x˙)(x′·x′)−(x˙·x˙)(x∗·x∗)]1/2
(10)
Where x˙ = dxdτ ; x
′ = dxdσ ; x
∗ = dxdφ . The classical equation
of motion is
∂
∂τ
(
δL
δx˙µ
+
∂
∂σ
(
δL
δx˙′µ
)) +
∂
∂φ
(
δL
δx˙∗µ
)) = 0 (11)
Similarly, we add constraints:
x˙ · x∗ = 0 , x˙′ · x∗ = 0 (12)
and
x˙ · x+ x∗ · x∗ = 0 (13)
4Then the euqation of motion becomes:
x¨µ = x
′′
µ + x
∗∗
µ (14)
For the particle with constant momentum pµ, we choose
solution:
xµ = qµ + pµτ + αe−im0(τ+σ) + βeim0(τ+φ) (15)
where m0 is constant, it is the static mass of particle.
For observable trajectory, xmu must be real number, so
below condition must be satisfied:
qµ + αe−im0(τ+σ) + βeim0(τ+φ) = real (16)
The simple way is to choose:
α = β; σ = φ (17)
That is: we can only have obserable xµ when condition
(17) satisfies. Since there are three proper times τ , σ
and φ, there must be 3 world lines which contribute the
equation (15). We choose:
xτ = (
mc
m0
τ,
pi
m0
τ, cτ, 0) (18)
xσ = (
~p · ~n
m0
R(x0)e
−im0(τ+σ),
p0
m0
R(xi)e
−im0(τ+σ),
0, icR(x5)e
−im0(τ+σ)) (19)
xφ = (
~p · ~n
m0
R(x0)e
im0(τ+φ),
p0
m0
R(xi)e
−im0(τ+φ),
0, icR(x5)e
im0(τ+φ)) (20)
where i = 1,2,3; R(xα) is the function of xα; Signature
of 6-dimensional space-time is (1,-1,-1,-1,-1,-1); ~p is mo-
mentum of particle; ~n is the moving direction of particle
by τ which is the moving direction of particle in classical
physics. The trajectory of particle is the total contribu-
tion of three world lines: x = xτ + xσ + xφ.
x0 = q0 + p0τ +
~p · ~n
m0
R(x0)(e
−im0(τ+σ) + eim0(τ+φ))
xi = qi + piτ +
p0
m0
R(xi)(e
−im0(τ+σ) + eim0(τ+φ))
x4 = cτ
x5 = icR(x5)(e
−im0(τ+σ) + eim0(τ+φ))(21)
where qµ is initial position of particle.
For free particle with fixed momentum energy,
R(xµ) = 1, then above 3 world lines satisfies conditions:
xτ · xσ = 0 xτ · xφ = 0 xφ · xσ = 0 (22)
xτ · xτ = 0 xσ · xσ = 0 xφ · xφ = 0 (23)
i.e. they are perpendicular to each other, and in 6 dimen-
sional space-time, they are light like. In 4-dimensional
FIG. 1: World line τ and world line σ on t − xi plane in
Minkowski space. Particle can move along both world lines,
slope of τ is u/c. At t = 0, the single particle will be shown
at all positions: −x1,−x2, ... − xn with different values of τ
and σ (−τ1, σ1)..(−τn, σn). Also the single particle will be
shown at x = 0 at different time: t1, t2, ..tn with different τ
and σ avalues; where xn = h/mu and tn = h/mc
2 which are
de Broglie wavelength and period.
space-time, xτ is classical trajectory of particle; And for
xσ and xφ, we have:
vi = xiσx
0
σ = m0c/p
i = c/ui (24)
vi = xiφ/x
0
φ = m0c/p
i = c/ui (25)
(26)
where ui is classical velocity of particle. Equation (25)
is phase velocity of de Broglie wave, so world line xτ is
classical portion of the motion of particle. xσ and xφ
are wave portion of the motion of particle which propa-
gate the phase of wave. We will show that above world
lines give de Broglie wave and the correct possibility of
measurement.
C. The picture of motion of single particle in three
dimensional time
Fig1. draws world line τ and world line σ on x0 − xi
plane in Minkowski Space.
In Fig1. a single particle’s trajectory is determined
by two proper time (τ and σ) where world line τ and σ
are orthogonal to each other. At each points on world
line τ , particle will also move along world line σ. As
5the result: At t = 0, the single particle will stay at
positions: x1, x2, ...xn with different values of τ and σ
(τ1, σ1)..(τn, σn). Also the single particle will stay at
x = 0 at different time: t1, t2, ..tn with different values of
τ, sigma; where xn = h/mu and tn = h/mc
2 which are
de Broglie wavelength and period. Equations (20)(20)
contains periodic conditions for xτ and xσ, Then Fig1.
becomes de Broglie plane wave for quantum particle. If
we add world line xφ, it will be coincident with world line
xσ.
The above picture shows that particle-wave dualism of
single particle can be reproduced by the motion of three
proper times while one world line describes the classical
motion of particle and the other two world lines prop-
agate wave . But currently we describe world by one
dimensional time, we only use clock to measure time, so
we do not have knowlege about σ and φ. If particle p
stays at location x0 at three dimensional time (t0, σ0,
φ0), we send an apparatus’ particle a trying to meet p at
x0. But to meet p at x0, the apparatus must arrive at
x0 at time t0 and at second time σ0 and third time φ0.
Since we didn’t ajust apparatus’s second and third time,
the apparatus’ particle arrive at x0 with time (t0, σ0, φ0)
is not deterministic, the possibility to meet particle p at
x0 is
Px0(σ, φ) = Px0(σ)Px0 (φ) (27)
According to equation (20)(20), we have
Pxi
0
(σ) =
R(xi0)e
−im0(τ+σ)∫
R(xi)e−im0(τ+σ)dxi
(28)
Pxi
0
(φ) =
R(xi0)e
im0(τ+φ)∫
R(xi)e−im0(τ+σ)dxi
(29)
Pxi
0
(σ, φ) =
R(xi0)
2e−im0(σ−φ)∫
R(xi)2e−im0(σ−φ)dxi
(30)
Applying condition (17) then
Pxi
0
(σ, φ) =
R(xi0)
2∫
R(xi)2dxi
(31)
Let ψ = R(xi0)e
−im0(τ+σ), so we have
Pxi
0
(σ, φ) =
|ψ(xi0)|2∫ |ψ(xi)|2dxi (32)
This is the possibility of finding particle at xi0 in quantum
physics.
In rest reference frame of particle, ~p = 0, the wave
length of de Broglie wave λ = ~/p is infinite, and the
phase velocity is infinite. From equation (20), x0σ = 0
and xiσ = cR(xi)e
−im0(τ+σ); Thus in rest frame, par-
ticle moves along world line xiτ without changing first
dimensional time x0, if we try to calculate velocity by
dxi/dx0, we get infinite. But the actual velocity along
world line xσ should be dx
i/dx5, in rest frame, it equals
R(xi)/R(x5). This is one of intereting result from this
FIG. 2: World lines σ is a infinitesimal loop to fixed point
(x0, t0). τ perpendicular to loop σ, so τ can point to any
direction, the slope of τ is from −∞ to ∞ which means the
momentum is from −∞ to ∞.
paper: we turn infinite of quantum physics into finite
result.
The above result is for the particle with fixed classical
momentum and energy, The single particle spreads out
in space-time (non-localized), the particle’s position and
time are uncertain. That is, because at each fixed τ ,
particle can move by σ and φ to another position. To
localize a particle, we need to make all σ and φ “stay”
only at one position (xi0, t). From equation (25), vi can
not be zero, i.e. it always a motion perpendicular to
classical world line xτ , to get localized space position of
particle, world line σ must be a infinitesimal loop around
(xi0, t0) as shown in Fig2. But world line τ perpendicular
to world line σ, and the slope of τ is uic ; momentum
pi = mui. From Fig2, we see that because at each points
on circle σ, particle can move perpendicular to σ which
create a world line τ , and the slope of τ is from −∞
to ∞, so the momentum becomes −∞ to ∞ . I.e. if
we localized particle’s position and time, the momentum
and energy will become uncertain.
D. Causality in three dimensional time
In real world, time t has direction. Here proper time τ
and proper time σ should have directions too. All three
world lines should be oriented.
From Fig1.,Fig3. One can see that τ and σ both move
to positive direction of t. Along world line xτ : when σ is
6FIG. 3: Current universal time is t = −t2, particle reaches
x2 at t=0, it is in future since t = 0 > −t2. When event 2
happens at x2, the particle interacts with other particles, so
particle’s world lines is changed, its next movement will be
based on new world line τ ′
unchanged, event 1 happens at τ1 and event 2 happens
at τ2 and τ1 > τ2; then corresponding universal time
t1 > t2, so, on world line τ , the causality is preserved.
Along world line σ: when τ is unchanged, if event 1 hap-
pens at σ1 and event 2 happens at σ2 and σ1 > σ2, then
corresponding universal time t1 > t2, so on world line σ,
the causality is also preserved. In general, event 1 hap-
pens at (τ1, σ1), and event 2 happens at (τ2, σ2), if τ1 > τ2
and σ1 > σ2, then we have t1 > t2, causality is preserved.
But what will happen when σ1 > σ2 and τ1 < τ2? On
Fig3, if event 1 happens on x1, event 2 happened on x2,
then on “local static” reference frame, event 1 happened
after event 2 because τ1 > τ2, on universal time, event 1
happened at the same time as event 2 because both hap-
pened at t = 0, on world line σ, event 1 happened before
event 2 because σ1 < σ2, does it conflict with causality?
Look at Fig3. Suppose universal time t at t = −t2, par-
ticle reached τ2 along world line τ ; then particle moves to
x2 at t=0 along world line σ, σ = σ2, on “local rest” refer-
ence frame (world line τ) which is still at τ = τ2, the par-
ticle goes to future because t = 0 > t2. If at x2, particle
does not have any interaction with other particles, then
the particle can’t “see” anything in future, when particle
moves back to τ = τ1, σ = 0, there is nothing related
to causality, no event occurred. But if event 2 happened
at x2; i.e, particle interacts with other particle, then the
particle’s physical state is changed by interaction (Re-
member: We can not measure a particle without affect
its physical status). Suppose the particle’s momentum
has a small changes: δp, then the particle’s next move
will start on a new world line τ ′, the particle can not go
back to original world line τ , this phenomenon is corre-
sponding to wave-packet collapse in quantum physics, so
any event happened on this particle after event 2 will be
on time t > 0, the causality is still preserved. Oriented
τ and σ and wave-packet collapse are key factors to keep
causality preserved.
All physical reference frames still move along world line
τ with speed u < c, so causality is preserved in any refer-
ence frame. Although particle’s speed v > c along world
line σ, we can not observe or measure this speed because
we can not determine particle’s position without affect-
ing particle’s velocity (momentum). From all above, we
see that three dimensional time contain the basic prop-
erties of quantum physics, one can understand that three
dimensional time will not conflict with causality law un-
less quantum physics itself conflicting causality law. If
two identical particles are correlated each other, and we
separate the wave to two parts with certain distance, if
we affect one part of wave, then the other part on the
other place will be affected on the same time (i.e. the in-
formation passed without time change). This is the well
known Bell’s inequality. There are already many papers
discussing about causality law in this phenominon [9].
E. About three dimensional time?
Relativity introduced symmetry between time and
space into physics. In relativity, it seems like the only dif-
ference between time and space are their signatures (+
and -); but there is one asymmetrical properties which
time is different from space – proper time τ . τ plays
as a special affine parameter in Relativity. In fact, τ is
the one we called “time” in our common life(in low speed
world). What is time? Time is a parameter which is used
to describe the order of event happen. If only one dimen-
sional time in universe, then one parameter is enough to
describe the order of envents. But if there are multiple
dimensional time, we must use more than one parameters
to describe the order of events. If there is three dimen-
sional time in the world, there should be three proper
times.
In previous part of this paper, we use the Lagrangian
which is similar to the lagrangian of bosonic string, but
instead of interpreting extra dimension as string, we in-
terpret it as world line of extra dimensional time, then
we derived basic quantum wave and the correct possi-
blity amplitude of wave function. The particle moves
along three separate world lines, each world line asso-
ciate with one proper time. Under this motion, the whole
7trajectory of particle becomes a wave in space as we
show in Fig1. The projections of extra two world lines
in 4-dimensional spacetime are space like, in the whole
6-dimensional space time, all three world lines are light
like. One thing needs to be emphasized: should signa-
ture of new time dimension be “time like”? In three
of world lines above, in the projections of 4-dimensional
space-time, one world line is time-like, the other two are
space-like, but in 6-dimensional space-time, they are all
light-like. So time-like should not be the criteria to judge
if the new dimension is “time” or “space”. In my opin-
ion, the only way to decide how many time dimensions
in our universe is to see how many independent proper
times for each single particle.
III. SPIN AS A NATURAL PROPERTY OF
THREE DIMENSIONAL TIME
The above discussions only apply on particle without
spin. In this section, we will derive spin.
Spin is an extra freedom in quantum physics. In this
paper, we have two extra time freedoms. Also spin does
not depend on space coordinate xi and time coordinate
t, it is invariant under Lorenze transformation, so if there
is an classical interpretation of spin, it must be perpen-
dicular to all 4-dimensional space time. In above section,
both time dimensions are small loops. In this case, the
geometry of two extra time dimensions is not flat. One of
possible geometry for two loops is sphere with constant
radius, electron moves by σ and φ become a rotation
along the time sphere. We can use this geometry to de-
rive g factor of electron’s magnetic moment immediately.
The classical magnetic moment is:
µ =
I
c
S (33)
where I is electric current. S is area of surface. For
electron, above equation becomes:
µ = −e
c
v
2πr
S (34)
If we let S = πr2, the g factor will be 1. But remember
the geometry of two extra time dimension is sphere, not
flat, so the area of surface is the top of sphere which is
S = 2πr2. Then
µ = −e
c
v
2πr
2πr2 =
e
mec
mevr = − e
mec
L = −gµBL
(35)
where µB =
e
2mec
. So g = 2, we get g factor of electron
from spherical geometry of three dimensional time. Let
Ltime = vr = ~/2, i.e. the spin of electron is the angular
momentum in σ− φ sphere. To make this model reason-
able, the 5th or 6th dimensional components of magnetic
field B must not be zero, we will show this in section V.
Wave function in quantum physics shows all possible
positions of particle in space at any fixed time t, it doesn’t
show the hidden order which particle moves from one po-
sition to another. Each fixed point (σ, φ) on time sphere
corresponds to one 4 dimensional world line, so the whole
picture is a manifold which base is 2-dimensional time
sphere, and 4-dimensional world line is related fiber bun-
dle; the map from 4-dimensional space-time to two di-
mensional time sphere is a type of Hopf map. Without
external force, wave function should be invariant under
the change of σ and φ since wave function describe the
distribution of particle’s positions. In spherical geometry
of σ and φ, this is rotation invariant symmetry. That is,
wave-function must be eigenfunction of rotations on time
sphere. The eigenfunctions are then rotation function
Djm′m. Djm′m is the eignefunction of the squre of angular
momentum J2. Here in time sphere, the rotation around
time sphere is spin S. With condition:
∂φDjm′m = mDjm′m (36)
where m=0, + 12 , +1 .... For electron, m = +
1
2 . Let’s
build Hopf map for electron:
z1 = x0 + ix3 (37)
z2 = x1 + ix2 (38)
and
z1 = cos
σ
2
e−iτ (39)
x0 = cos
σ
2
cos τ x3 = − cos σ
2
sin τ (40)
z2 = sin
σ
2
e−i(φ−τ) (41)
x1 = sin
σ
2
cosφ− τ x2 = sin σ
2
sinφ− τ (42)
where τ , σ, φ are three proper times we use in last section.
This is actually SU(2) group 2 to 1 map to R(3) group,
(S) =
(
cos σ2 e
−iτ − sin σ2 e−i(φ−τ)
sin σ2 e
i(φ−τ) cos σ2 e
iτ
)
, (43)
when τ = 0, it corresponds to S+, and τ = φ corresponds
to S−. The interaction between spin and magnetic field
then can be written as: gBµ~S · ~n, where
n1 = sinσ cosφ (44)
n2 = sinσsinφ (45)
n3 = cosσ (46)
~S · ~n = 2zz+ − 1 (47)
where z = (z1, z2). The above Hopf map is well known
in quantum physics. This paper is to point out that the
original physics meaning of this map: a map from 4-
dimensional space time to two dimensional time sphere.
The above Hopf map has been used in magnetic monoples
and skyrmion theory [10]. But Skyrmion has size in 3-
dimensional space, it can not be used to describe point
8particle like electron. But here the monopoles in on time-
sphere, it is still point particle in 3-dimensional space.
If the above picture of spin is correct, it must be able
to interpret spin related statistics: Bose-Einstein statis-
tics and Fermi-Dirac statistics. To do that, let’s express
Pauli’s exclusion principle in different way: two electrons
which have the same spin and same momentum and en-
ergy can not occupy the same space location at the same
time t. If an electron is a classical rigid ball with finite
size, then this principle is obviously: two rigid balls can
not occupy the same location. But the problem is that
an electron is a point particle, theoretically, for any small
spatial volume with the size of Planck length, we can put
infinite electrons inside. In this paper, we see that elec-
tron always moves with proper time σ and φ. At any
given first time coordinate t, the electron moves from one
location to another, all locations electron passed combin
a sphere. That is, the motion makes the electron look-
ing like a monopole at any fixed first dimensional time t.
Also because that the Hopf map to time sphere is 2 to
1, so two electrons with opposite spin covers that whole
time sphere. If there is third electron, the world lines
of electron 3 must be coincident with electron 1 or 2 at
some point, then the whole system will not be stable.
This is the reason why for electron, we have Fermi-Dirac
statistics. But for photon, the symmetry is U(1) loop,
i.e. the map from traditional 4-dimensional space-time
to time-sphere is a loop, not a sphere. For a “loop”, the
size of hight is zero; in the other word, at any given t, we
can choose a coordinate that the projection of world lines
of photon on one of dimension is zero; so there could be
infinite photons in the system while their world lines do
not coincident with each other: this is just like a cylin-
der with finite hight, you can put as many loop inside as
you want (assume the loop does not have hight). Then
we get Bose-Einstein statistics. We will talk more about
this topic in section V.
IV. THREE DIMENSIONAL TIME IN
EXTERNAL FIELD, BOHM’S QUANTUM
POTENTIAL AND KK THEORY
Previous sections discussed the equations of motion of
free particle in three dimensional time. Now we will dis-
cuss the case when external potential exists.
In classical physics:
E = T + V (48)
where E is energy of particle, T is kinetic energy, V is
external potential. In quantum physics, the equivlent
equation is Schrodinger equation. In Bohm’s quantum
hidden variable theory, he use ψ = Re−
iS
~ , and put it
into Schrodinger equation, he get:
∂S
∂t
=
(∇S)2
2m
+ V − ~
2
2m
∇2R
R
(49)
It can be rewrite as:
E = T + V +Q (50)
where Q = − ~22m ∇
2R
R . Q is extra item coming from quan-
tum physics, so Bohm calls it quantum potential. If
we interpret quantum physics as three dimensional time,
how can we get quantum potential? Since the geome-
try of extra two time dimension are not flat, according
to relativity, the curved space-time must equivalent to a
potential. The best candidate to build the curved poten-
tial is Kaluza-Klein (KK) theory.
The basic idea of Kaluza theory is to extend Einstein’s
idea in relativity to electromagnetism. The higher di-
mensional K-K theory is trying to extend Einstein’s idea
to all 4 nature forces: this means the potentials of all
nature forces can be treated as the curved geometry of
higher dimensional space time. Vice versa, the curved
space time should create potential. Following this logic,
the Klein-Gorden equation of free field must have a po-
tential related with free field, but we only have 4 poten-
tials related to 4 forces, so the potential of free field in
KK theory must be a inner potential which only apply on
particle itself. We will show that this is Bohm’s quantum
potential.
The original Kaluza metric can be written as follows
[8]:
(gˆAB) =
(
gαβ − ψAαAβ −ψAα
−ψAβ −ψ
)
(51)
where the αβ-part of gˆAB with gαβ (the four-dimensional
metric tensor), the α4-part with Aα (the electromag-
netic potential), and the 44-part with φ (single scalar
field). The four-dimensional metric signature is taken to
be (+ − −−)
For free scalar field, Aα = 0. To extend it to 6-
dimensional space time, and let ψ → |ψ|2 = R2, then
(gˆAB) =

 gαβ−R2
−1

 (52)
The 6-dimensional Ricci tensor and Christoffel sym-
bols are defined in terms of the metric exactly as in four
dimensions:
RˆAB = ∂C ΓˆCAB − ∂BΓˆCAC + ΓˆCABΓˆDCD − ΓˆCADΓˆDBC ,
ΓˆCAB =
1
2
gˆCD (∂AgˆDB + ∂B gˆDA − ∂DgˆAB) (53)
where A, B.. run over 0,1,2,3,4,5.
For low speed limitation, we assume R does not contain
time. Also ∂4R = 0 and ∂5R = 0. Substitude matrix (52)
into (53), we have
Rˆ = −2∇
2R
R
(54)
9Einstein Lagrangian
L(E) = − R
2κ2
(55)
Let κ2 = 2~
2
m , then L
(E) = ~
2
2m
∇2R
R . The total classical
Lagrangian is T − V + L(E), then
H = 2T − L = T + V − ~
2
2m
∇2R
R
= T + V +Q (56)
Now we derive quantum potential from Einstein La-
grangian of 6-dimensional KK metric.
V. FIELD EQUATIONS OF FREE PARTICLE
WITH DIFFERENT SPINS
Part of the Lagrangian we use in last section is from
classical physics, the rest part is from general relativity
(Einstein Lagrangian). In general relativity, we need dis-
tingish between matter and field. “Matter” part provides
energy-momentum tensor, field part is curved space-time.
Last section shows that quantum particle has inner time
geometry which provides quantum potential. This sec-
tion will show that the “matter” part can also come from
space-time geometry. Last section, we only give the equa-
tions in non-relativistic limitation, in this section, we will
extend them to relativistic case.
A. Equations of Scalar Field
The 6-dimensional Einstein equations keep the same
format as 4-dimensional:
GˆAB = κTˆAB , (57)
where κ is a constant; TˆAB is 6-dimensional energy mo-
mentum tensor, GˆAB ≡ RˆAB − Rˆ gˆAB/2 is the Einstein
tensor, RˆAB and Rˆ = gˆABRˆ
AB are the 6-dimensional
Ricci tensor and scalar respectively, and gˆAB is the 6-
dimensional metric tensor, A, B.. run over 0,1,2,3,4,5
.
For 0-spin particle, we choose the 6-dimensional time-
space metric as:
(gˆAB) =

 gαβ−ψ2
−1

 (58)
where metric elements gαβ is 4-dimensional metric. We
concentrate on quantum field equations in this paper,
so ignore gravity field, then gαβ = diag(1,−1,−1,−1),
g55 = −1, g44 = −ψ2, with conditions:
∂4ψ = 0 , ∂5ψ = i
m0
~
ψ (59)
where ~ is Planck constant, m0 is rest mass of particle.
or equivalently
ψ = ψke
im0
~
x5 (60)
where ψk is the ψ in 5 dimensional Kaluza metric (51).
Start from here, throughout this paper, capital Latin in-
dices A,B,C .. run over 0,1,2,3,5 (A,B 6= 4), Greek indices
α, β ... run over 0, 1, 2, 3, and small Latin indices a, b,
... run over 1, 2, 3. Also we have gABg
AB = δAB, that
makes g44 = 1ψ2 , and g
αβ = diag(1,−1,−1,−1).
Using equations (52), (53), the αβ−, α5−, 55-, α4−,
and 44-components of Einstein equations (57) become:
1
ψ
∂α∂βψ = −κTˆαβ (61)
−im0
~ψ
∂αψ = κTˆ5α = κTˆα5 (62)
m20
~2
= κTˆ55 (63)
κTˆ4β = κTˆα4 = 0 (64)
∂α∂αψ −m20ψ = 0 (65)
Here Tˆ44 =
∂A∂Aψ
ψ . For free particle, it is zero, i.e. no
5th dimensional energy momentum tensor for free par-
ticle. Equation (65) is Klein-Gordon Equation for free
0-spin particle with mass > 0. Equations (61)(63) (64)
show that energy-momentum tensor can be expressed by
derivative of metric element. i.e. The “matter” part in
original Einstein equation can also be described by ge-
ometry.
Notice that for free single particle:
ψ = e
−i
~
(pαx
α−m0x
5) (66)
Then equation (61) become:
1
~2
pαpβ = κsTˆαβ (67)
If we let κs =
1
m0~2
, then Tˆαβ = pαpβ/m0, i.e. energy
momentum tensor is the products of two 4-dimensional
momentum. Let p5 = m0, p4 = 0, then 6-dimensional
energy momentum tensor is: TˆAB = pApB/m0. One
can also see that as we describe quantum field in pure
geometry, i
~m0
plays the similar geometry role as
√
8πG
’s role in 4-dimensional Einstein equation, where G is
gravational constant.
Here we notice that the value of κs for scalar field is
different from relativity, it is dependent on Planck con-
stant and static mass, it is possible to understand that
the curved space-time of scalar field is caused by quan-
tum effect and the energy of the field. Scalar field itself
is a curved manifold (curved space-time) embedded in
backgroud space-time. For free massive scalar field, it is
a curved manifold embedded in flat 5-dimensional Rie-
mann space.
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B. Mass spectrum and charge quantisation
Following Klein’s idea [3], we assume that both 5th
and 6th dimension are 1) circular topology (S1); and
2) small scale with constant “radius” R4 and R5. We
rewrite equation (60) as:
ψ = ψke
inx
5
R5 (68)
Then
∂5∂5ψ =
−m20
~2
φ =
−n2
R5
2 ψ (69)
so we have mass spectrum:
m0 =
n~
R5
(70)
For charged scalar field, let
ψ → e−inx
4
R4 ψ (71)
It is easy to prove that under the substitution (71), field
equations (61)-(67) remain the same. Then
∂4ψ =
−in
~R4
ψ (72)
If we let
e =
κn
R4
(73)
Where e is the charge of the scalar field, then we get
charge quantisation. Equation (73) will be used in later
sections when we discuss about interactions between
charged particle and electromagnetic fields.
In 5-dimensional KK theory [11] [8], [12]:
m0 =
n
R
e =
n
√
16πG
R
(74)
But from equation(74) and using the vale of charge e,
R−1 ≃ 2.6× 10−7g, then the mass in equation(74) is too
large. Here in 6-dimensional KK theory, the “radius” R5
and R4 are different, so equations(70)(73) do not have
the above problem.
C. Equations of massive vector field
For vector fields with mass m0 > 0, let
Aˆα = Aαe
im0x
5
(75)
where m0 is rest mass of particle, Aα is vector field, x5
is 6th dimension coordinate, and start from this section,
we always choose ~ ≡ 1. Let
Aˆ5 = 0 (76)
and
∂4Aˆα = 0 (77)
6-dimensional metric for vector field becomes:
(gˆAB) =

 gαβ − κ
2AˆαAˆβ −κAˆα
−κAˆβ −1
−1

 (78)
and gABg
AB = δAB. Under this metric, interval be-
comes:
ds2 = gαβdx
αdxβ − dx5dx5 − (dx4 + κAˆαdxα)2 (79)
so, if
dx4
′
= dx4 − κAˆαdxα dxα
′
= dxα dx5
′
= dx5 (80)
and
∂′α = ∂α − κAˆα∂4 ∂′4 = ∂4 ∂′5 = ∂5 (81)
we get coordinates of local inertial frame:
ds2 = gαβdx
α′dxβ
′ − dx5′dx5′ − dx4′dx4′ (82)
Let FˆAB ≡ ∂AAˆB−∂BAˆA, and A, B runs over 0,1,2,3,5.
Energy momentum tensor
TˆAB ≡ gABFˆCDFˆCD/4− FˆCA FˆBC (83)
Applying above (78) and (83) into 6-dimensional Ein-
stein equations (57), then the A4- components of 6-
dimensional Einstein equations become:
∇α Fˆαβ −m20Aˆβ = 0 (84)
And using (84), the other components of Einstein equa-
tions become:
GAB = κ
2TˆAB = gABκ
2FˆCDFˆ
CD/4− κ2FˆCA FˆBC (85)
which is the definition of TˆAB.
Equation(84) is the quantum field equation for massive
vector field. According to equation(83):
Tˆ44 =
1
4
Fˆαβ Fˆ
αβ − 1
2
m20AˆαAˆ
α (86)
Not like scalar field, 5th dimensional energy momentum
tensor for vector field could be nonzero.
When the vector field represents 1-spin free boson,
equation(86) equals zero, i.e 5th dimensional energy mo-
mentum tensor vanished, we get Proca equation:
1
4
FˆαβFˆ
αβ − 1
2
m20AˆαAˆ
α = 0 (87)
As we see above, the 1-spin boson obtains its mass
from derivative of 6th dimension; the gauge field obtains
mass without losing symmetry and we do not need Higgs
mechanism. This is another advantage of 6-dimensional
KK model.
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D. Equations of electromagnetic fields
When m0 = 0, metric (78) becomes usual Kaluza met-
ric at the case of ψ = −1. Equations (84) become
∇α Fˆαβ = 0 , (88)
Which is Maxwell equation in vacuum. And the equa-
tion(87) becomes:
1
4
FˆαβFˆ
αβ = 0 (89)
Which is true for free photon (plane-wave). In general,
the above equation is not always satisfied. For exam-
ple,static electric field. Instead, it must have nonzero
5th energy-momentum tensor:
Tˆ44 =
1
2
E2 (90)
where E is magnitude of static electric field. Similarly
for magnetic field is must have Tˆ44 =
1
2B
2. As we dis-
cussed in section III, magnetic field has 5th components
is required to derive spin magnetic moment.
E. Equations of free massive fermion field
In section VC for vector field, we choose Aˆ5 = 0, now
let Aˆ5 6= 0, then we will get a new metric and a new
solution of 6-dimensional Einstein equation. Choosing
the 6-dimensional metric as:
(gˆAB) =

 gαβ − KˆαKˆβ −Kˆα − KˆαKˆ5−Kˆβ −1 − Kˆ5
−Kˆ5Kˆβ −Kˆ5 − 1− Kˆ5Kˆ5


(91)
where Kˆ is 6-dimensional vector field in 6-dimensional
time-space, with conditions
∂5KˆA = im0KˆA , Kˆ5 6= 0 , Kˆ4 = 0 , ∂4KˆA = 0 (92)
and
(
gˆAB
)
=

 g
αβ −Kˆα
−Kˆβ −1 + KˆAKˆA − Kˆ5
−Kˆ5 − 1

 (93)
Under this metric, interval becomes:
ds2 = gαβdx
αdxβ − dx5dx5 − (dx4 + Kˆαdxα + Kˆ5dx5)2
(94)
so, if let
dx4
′
= dx4 − Kˆαdxα − Kˆ5dx5 dxα
′
= dxα dx5
′
= dx5
(95)
and
∂′α = ∂α − Kˆα∂4
∂′4 = ∂4 ∂
′
5 = ∂5 − Kˆ5∂4 (96)
we get coordinates of local inertial frame with interval:
ds2 = gαβdx
α′dxβ
′ − dx5′dx5′ − dx4′dx4′ (97)
Let EˆAB ≡ ∂AKˆB − ∂BKˆA. Define energy momentum
tensor for this field:
TˆAB ≡ gABEˆCDEˆCD/4− EˆCA EˆBC (98)
Substitute (93) (98) into Einstein field equation (57), the
A4- components of 6-dimensional Einstein equations is:
∂AEAB = 0 (99)
Rewrite equation (99) :
∂A(∂
CKˆC)− ∂C∂CKˆA = 0 (100)
Now add plane-wave condition to each Kˆ :
∂C∂CKˆA = 0 (101)
The equation (100) become
∂A(∂
CKˆC) = 0 for all C = 0, 1, 2, 3, 5 (102)
i.e. ∂CKˆC does not depend on x0, x1, x2, x3, x5, so :
∂CKˆC = ∂
αKˆα + im0K5 = 0 , (103)
Equation (103) has form of Dirac equations. Now add
two more constraints:
TˆAB ≡ gABEˆCDEˆCD/4− EˆCA EˆBC =
pApB
m0
KAKB(104)
EˆABEˆ
AB = 0 (105)
where A,B 6= 4; pα is 4-momentum, p5 = m0. Let
Kα = CgααI1µγ
α
µνu1νe
−i
~
(pαx
α−m0x
5) (106)
and
Kˆ5 = g55Kˆ00 (107)
where repeat indice indicates summation. I is diagonal
matrix diag(1,-1,-1,-1), γα is Dirac matrix, u1ν is ν’s el-
ements of matrix u1:
u1 =
√
m0 + E
2m0
(
ξ1
σ·p
m0+E
ξ1
)
(108)
which is the first spinor of Dirac equation with positive
energy and upper spin; where σ is Pauli matrix and ξ1
is:
ξ1 =
(
1
0
)
(109)
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In x3 representation, equation(106) becomes:
Kˆ0 = Cg00φ0e
im0x5 Kˆ1 = Cg11φ3e
im0x5
Kˆ2 = −iCg22φ3eim0x5 Kˆ3 = Cg33φ2eim0x5
Kˆ5 = Cg55φ0e
im0x5 (110)
where C is constant to be determined; gαα is element of
usual 4-dimensional metric (1,-1,-1.-1), g55 = −1, and
φα = u1αe
−i
~
(pαx
α−m0x
5) (111)
which is α’s elements of solution of Dirac equation.
Equation of (103) becomes
∂0φ0 + ∂1φ3 − i∂2φ3 + ∂3φ2 + im0φ0 = 0 (112)
It is first Dirac equation in x3 representation.
The two equations(104)(105) plus normalization con-
dition of φ0, φ2, φ3 keep the solution unique, then:
Kˆ0 = C
√
m0 + p0
2m0
e−ip
AxA , Kˆ5 = −Kˆ0 ,
Kˆ1 = −C
√
m0 + p0
2m0
p1 + ip2
m0 + p0
e−ip
AxA ,
Kˆ2 = iC
√
m0 + p0
2m0
p1 + ip2
m0 + p0
e−ip
AxA ,
Kˆ3 = −C
√
m0 + p0
2m0
p3
m0 + p0
e−ip
AxA (113)
where we choose the constant C as
C =
√
2(m0 + p0)
p3
(114)
For other 3 components of Dirac fields, we have:
Kˆα = CgααI2µγ
α
µνu2νe
−i
~
(pαx
α−m0x
5)
Kˆα = CgααI3µγ
α
µνv1νe
−i
~
(pαx
α−m0x
5)
Kˆα = CgααI4µγ
α
µνv2νe
−i
~
(pαx
α−m0x
5) (115)
Kˆ5 = g55Kˆ00 (116)
where viν (i=1,2) is Dirac spinor of negative energy, so
4 different choices of Kα corresponding to 4 solutions
of Dirac equation. so it is reasonable to believe that
metric(91) and the above definition ofKα gives described
the curved spacetime of free fermion.
F. About Boson-Einstein statistics and
Fermi-Dirac statistics
The only difference between the metric of vector par-
ticle in equation(78) and the metric of spinor particle in
equation(91) is: the first one without 5th component of
field, the latter one with 5th component of field. The
5th dimension is similar to the “height” we talked in sec-
tion III. Without 5th component, the 6-dimensional vol-
ume of the single particle’s field occupied is zero, then
we can put infinite particles inside the volume, this is
Bose-Einstein condensation. With 5th component, the
6-dimensional volume which the single particle occupied
is finite, if the finite size is the same as the volume we
considered, then we have Pauli’s exclusion principle. For
electron, as we discussed in section III, the volume which
single electron occupied is half size of volume, the other
half volume is for electron with opposite spin, so we get
Fermi-Dirac statistics.
VI. INTERACTION, BERRY PHASE AND
UNIFICATION BETWEEN
ELECTROMAGNETISM AND GRAVITY
In general relativity, gravity is geometry property of
curved spacetime. The effects of gravity on single point
particle can be calculated from geodesic of 4-dimensional
space-time. In quantum physics, interactions happen by
exchange of virtual particles; In most unified theory, to
unify gravity and other interactions in quantum level,
it needs quantize of gravity fields, and treat gravity as
exchanges of graviton, while we haven’t found graviton
yet. This is another gap between quantum field theory
and general relativity. Since the equivalence principle
is so natural and beatiful in relativity, we’d like to try
to unify electromagnetism and gravity under the equiv-
alence principle and geometry of space time. Here, we
will continue Kaluza-Klein’s efforts: to treat both grav-
ity and electromagnetism fields as geometry properties of
curved space-time,
In previous sections, the geometry of time provides
the inner quantum potential of the single free particle,
which creats the fields of free particle. It can be treated
as a curved space-time embeded in flat space-time back-
ground. When the particle moves inside a external field,
we need not only consider the effect of the external field
on the point particle, but also the effect of external field
on its inner space-time structure. Since we assume that
all external fields are curved space time, we also assume
that we can find a local inertial frame in all external
fields; then according to equivalence principle, in local in-
ertial frame, the physical laws of the point particle should
keep the same as it is in flat background space-time. This
is the same as a point particle stays in a free fall elevator
in gravity field. But if it is not a point particle, if the
particle has finite size, it will feel the difference. If a hu-
man stays in free fall elevator, his head and his feet will
feel different force, that is why we have tide force. For
electron or photon, although they are still point particle
in three dimensional space, but in whole 6-dimensional
space-time, they have finite size in time. Their inner field
have finite size. So they will feel the “tide force like” ef-
fect. If the “tide force” is strong enough, it could change
the structure of inner field of single particle, which cause
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the particle jump from one energy level to another level.
For example, an electron absorbs a photon or emit a pho-
ton.
There are three basic assumptions we need consider in
interaction:
1) A single free quantum particle has inner quantum
field, which is a curved spacetime embedded in back-
ground flat spacetime. The curved spacetime satisifed
higher dimensional Einstein field equation.
2) An interacting field is curved space time, it satisfies
higher dimensional Einstein field equation.
3) Strong equivalence principle: any physical law which
can be expressed in tensor notation in flat spacetime has
exactly the same form in a locally inertial frame of a
curved spacetime. We will extend this principle further:
field equations of single quantum particle in locally in-
ertial frame of a backgroud curved spacetime can be ex-
pressed in the same form as it in background flat space-
time.
When single charged scalar particle moves into elec-
tromagnetic field, and the metric of electromagnetic field
is (78), then in local inertial frame which expressed by
(82), according to strong equivalence principle, ψ should
have the same form as in section VA:
ψ = e−i(pα′x
α
′
−m0x
5
′
)e
−in
R4
x4
′
(117)
Also in inertia local frame, the forms of equations (61)-
(65) should be unchanged. Transforming local inertial
frame back to global non-inertial frame: from equation
(80), we get:
x4
′
= x4 − κ
∫
Aαdx
α (118)
Substitute equation (118)(73) into (117):
ψ = e−i(pαx
α+e
∫
Aαdx
α−m0x
5)eiex
4
(119)
Using (81), Equation (65) becomes:
(∂α + ieAα)(∂α + ieAα)ψ +m
2
0ψ = 0 (120)
This is Klei-Gordon equation for charged scalar field.
Energy-momentum tensor becomes:
Tˆαβ =
1
~2κ
(pα+eAα)(pβ+eAα) =
1
m0
(pα−eAα)(pβ−eAα)
(121)
Actually, the coordinate transformation from equa-
tion(117) to equation(119) is the Berry phase. Orig-
inal Berry phase is generated in phase space. Here
the Berry phase generated by geometry of 6-dimensional
time-space plus strong equivalence principle. But if the
back ground space time changed “fast” enough, which
cause the change of the structure of the particle’s in-
ner geometry, the coordinate transformation from (117)
and (119) is not valide, but according to strong equiva-
lence principle, the transformation between equation(65)
to equation(119) is still valid (tide force).
We see from here: in general relativity, to study the
equation of a particle inside gravity, we use geodesic
equation to get trajectory of particle in curved space-
time; but in three dimensional time, when a particle in-
side electromagnetic field, we need focus on the how does
the external force changes the inner geometry of single
particle, i.e. the “tide force ” type of effect.
Therefore, to describe a quantum particle (scalar, vec-
tor, spinor ..) in external interacting field, we need four
steps: 1) to find metric of spacetime for the free quan-
tum field; 2) to get free field equations from Einstien
field equation 3) to find local inertial frame of the exter-
nal field, then the form of field equations of the particle in
local inertial frame is the same as the free field equations.
4) Using coordinate transformation to transfer free field
equations to the field equations in external field.
Apply to charged Fermion, field KA in section VE be-
comes:
KA → KAe
−in
R4
x4 (122)
where e = κnR4 . As discussed in section VI, external elec-
tromagnetic field is curved spacetime, its local inertial
frame expressed by equation (82). When a fermion en-
ters into this spacetime, in local inertial frame, its field
equations have the same form as its free field equation
which described by (101)(103)(104). then to derive global
field equations of fermion in electromagnetic field, we im-
plement coordinate transformation (80) and (81). Then
equations (101)(103)(104) become:
(∂C + ieAC)(∂C + ieAC)KˆB = 0 (123)
(∂α + ieAα)Kˆα + im0Kˆ5 = 0 (124)
Tˆαβ =
(pα + eAα)(pβ + eAβ)
m0
KˆAKˆB (125)
Equation(123) is Klein-Gordon equation in electromag-
netic field. Substitute the expression of Kˆα (equa-
tions(110)) into equation(125), then we have:
(∂0 + ieA0)φ0 + (∂1 + ieA1)φ3 − i(∂2 + ieA2))φ3
+(∂3 + ieA3)φ2 + im0φ0 = 0(126)
This is the solution of Dirac equation in external electro-
magnetic field with positive energy and positive spin in
x3 representation. Similiarly, use other 3 definitions of
Kˆα in (116), we can get the other 3 solutions of Dirac
equation in electromagnetic fields.
VII. ABOUT UNIFIED THEORY AND THREE
DIMENSIONAL TIME
As we discussed in last section, the electromagnetism
and gravity can be unified in 6-dimensional KK theory,
which 3 dimensions come from space, and 3 dimensions
come from time. The extra two time dimension are space
14
like. Because as we discussed in before, the “time like ” is
not a required property for extra time dimension (espe-
cially the two new dimensions are “time angle”), instead,
the required properties of two extra time dimensions are
the two associated extra proper time. We overcomed
several difficulties of original KK theory: 1) We give ex-
plicit meaning of extra dimensions, and explicit observ-
able physical effect of two extra time dimensions – which
is basic quantum physics. 2) two extra dimsions instead
of one give reasonable scale of mass. 3) two extra di-
mensions can describe Fermion, we derive Dirac equation
from Einstein field equation. 4) In original KK theory,
FˆαβFˆ
αβ = 0, so it can only be used for free photon, it
is not satisfied for general electromagnetic field; Here we
introduce the 5th component of momentum-energy ten-
sor for general electromagnetic field, the 5th component
of magnetic field can also help us to get spin magnetic
moment.
In future, we need to extend the theory to include
strong force and weak force. The problem is: both strong
force and weak force related to nucleon which has finite
spacial size. The metric of geometry could be compli-
cate. Using quark model still need consider the effect of
size of “bag”. The bright side is: the three dimensional
time plus three dimensional space could provides SO(3,3)
symmetry, which is possible to used for SU(3) symmetry
in QCD.
VIII. DISCUSSIONS AND CONCLUSIONS
There are four reasons I believe that we need three
dimensional time:
1) Only extra time dimension could create non-
localized motion for single particle. As I show the equa-
tion of motion in section II, single particle moves with
three proper times in three worldlines created the same
wave-function effect as quantum physics.
2) Two extra time dimensions give the correct possi-
bility of physical observable in measurement.
3) Two extra time dimesions give the correct g factor
and spin representation of electron.
4) 6-dimensional KK theory give the good result to
unify electromagnetism and gravity.
As the summary, the basic quantum principles of single
particle: 1) Non-localization 2) Non-determinism 3) Spin
and related statistics are derived by adding two extra
time dimensions. The related wave-functions, lagrangian
and field equations can also be derived from pure geome-
try of two extra time dimensions. These make me believe
that three dimensional time is right choice to interpret
quantum physics. In conclusion, this paper unified the
principles of quantum physics and the principles of gen-
eral relativity by using three dimensional time. Espe-
cially strong equivalence principle of general relativity is
used to derive the interaction between charged particle
and electromagnetic field which gives the same result as
quantum field theory.
In addition, we derived field equations directly from
Einstein equations under 6-dimensional time-space met-
ric. It shows that the current quantum field equations
of basic particles, as well as interactions could be pure
geometry properties under 6-dimension time-space. In
future, we also need to discuss how to include weak in-
teraction and QCD in 6-dimensional spacetime.
In three previous paper [14] [15] [16], I also partially
talked about interpreting quantum physics by three di-
mensional time.
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